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NEW FORM OF CARBON 

1 

This invention relates tp new forms of carbon 
as well as methods for the production and recovery 
thereof from carbon sources. 
5 In 19B5, Kroto et al. postulated the existence 

of a highly stable molecule composed of 60 carbon atoms 
based solely on mass spectroscopic analysis of vaporized 
graphite (H.W. Kroto, et al. , Nature , Vol. 318, 162, 14 
November 1985). More specifically, all that was observed 
3.0 was a peak in the mass spectra of said carbon vapor. 
However, Kroto et al. did not isolate any of said 
compound . 

A model for this compound was proposed in which 
60 carbon atoms are placed at the vertices of a truncated 
15 icosahedron forming a perfect "soccerball" structure. 

Subsequent thereto, many publications have strengthened 
the evidence for the existence of this molecule. The 60 
carbon atom compound (hereinafter C 6Q ) was presumably 
produced in situ for the spectroscopic determination 
20 reported in these publications. Yet, to date, no one has 
been successful in verifying the existence of this 
molecule since no one has been successful in isolating 
the molecule in measurable amounts. Thus, no processes 
for producing recoverable amounts of this new compound 
25 have been described to the present time. 

In the aforesaid publication by Kroto, et al., 
the authors proposed many uses for the new substance, C 60 
if it could be produced in quantity such as C g0 
transition metal compounds, e.g., C 6Q Fe, or halogenated 
30 species like C g0 F 60 which might be a super lubricant; 
molecules including oxygen and lanthanum in the C 6Q 
interior; C £n v/ould provide a topologically novel 
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1 aromatic nucleus for new branches of organic and 

inorganic chemistry, and C 6Q being especially stable and 
symmetrical provides possible catalyst and/or 
intermediate in modelling prebiotic chemistry. 

5 Another form of carbon containing 70 carbon atoms 

(C ?0 ) has also been postulated (Kroto, Chemistry in 
Britain, 40-45 (1990), Kroto, Science . 1139-1145 (1988)). 
Like the (C 6Q ) to date, no one has been successful in 
verifying the existence of the c 7Q . Heretofore, no one 
10 has been successful in obtaining the molecule in any 
appreciable amounts. 



A process has now been developed for the 

production of recoverable amounts of c cn and c 

15 Present invention relate to a method J h 7 °* 

r method of producing r and 

70 C ° mPOUndS -hich comprises evaporating graphite i^an 
atmosphere of an inert quenching gas at effective pressures 
in an evacuated reactor, collecting the quenched carbon 
20 Product Produced therefrom and contacting the quenched carbon 
Product with an extracting non-polar organic solvent 
under effective conditions to separate the c eo and C 
•compounds therefrom. The present new process is 7 , • 
by evanorat-i™ ^ process is accomplished 

>5 qLcntn n r ° dS " ^ atmos ^ of an inert 

-5 quenching gas maintained at reduced pressure in „ 

therefor. This Dror , ae!C! „ Pressure rn a reactor 

is ^;zz::tz: tz carbon product 

50 Pr ° dUCt - Howev «. « increase i„ the fractio , 

■nolecules can be produced if the „- aC "°" ° f C 70 

—ter then atm o spheric ,1^"""" ^ <° 



35 
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by selective extraction of c " PrGferably ac °ompli sh ed 
organic solvents from th* 6 ? C?0 W±th non -P°lar 

thS SOOt y ^aphitic carbon. 
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2_ The processes of the present invention produces 

C so and C 70 in recoverable amounts and permits realization 
of the proposed uses described hereinbefore. 

In the accompanying figures, Fig. 1 is a 
5 micrograph of typical crystals of the 98% C eo , 2% C„ 0 
material showing thin platelets, rods and stars of 
hexagonal symmetry. 

Fig. 2 is a x-ray diffraction of a 
microcrystalline powder of the 98% C 6t >, 2% C 70 solid 
10 material. Inset at upper left is a single crystal 

electron diffraction pattern indexed with Miller indices 
compatible with the x-ray pattern, taken on a thin 
platelet as in Figure 1 with the electron beam 
perpendicular to the flat face. 
15 Fi 9- 3 is an infrared absorption spectrum of an 

approximately 2 micrometer thick coating of the 98% C so , 
2% C vo material on a silicon substrate, referenced to a 
clean silicon substrate. Absorption is given as optical 
density = log 10 1/T, where T is transmission. Apparent 
20 negative absorptions are due to the coating acting in part 
as a non-reflecting layer. 

Fig. 4 is a visible-ultraviolet absorption 
spectrum of an approximately 0.1 micrometer thick coating 
of the 98% C eo , 2% C-, Q material on quartz. Shown at the 
25 bottom are positions and relative oscillator strengths for 
allowed transitions calculated for the C eo molecule by 
Larsson, et al. 

The first step in the production of C eo and C 70 
molecules is vaporizing carbon from any source containing 

30 carbon in its various forms; e.g« , graphite, amorphous and 
glassy carbon. It is preferred that this vaporization 
takes place in an evacuated reactor (e.g., a bell jar). 
The carbon is vaporized by heating in the presence of an 
inert quenching gas. The carbon vapor is nucleated in the 

35 presence of the inert quenching gas to form smoke 
particles. 
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In the production of C 6Q and c 70 , any procedure 
lor vaporising carbon can be used, although the preferred 
method relies on the use of a high intensity electrical 
current with graphite rods as electrodes. These rods are 
5 constructed to permit vaporization of' carbon at the tip 
of the rod to produce a high density vapor of carbon. 
For best results, the end of one of the rods is reduced 
in diameter so that the vaporization occurs at the 
reduced tip. The rods can be prepared using any of the 
10 various forms of carbon, such as graphite, amorphous and 
glassy carbon. 

The inert guenching gas can be any of the usual 
inert gases such as the noble gas. Argon and helium are 
preferred, the latter being most preferred, other inert 
15 gases commonly employed to provide a non-reactive 
atmosphere can also be used as quenching gas. 

The amount of C g0 and C ?0 produced from this 
carbon source is dependent upon the pressure of the 
guenching gas. At lower pressures relatively pure C 
20 molecules can be produced -in high yield with minor " 
concentrations of C 7Q . For the production of 



'60 



predominantly C 6Q molecules, the pressure at which the 
guenching gas is maintained should be subatmospheric and 
preferably about 50-400 torr. Especially preferred is a 
25 pressure of approximately 100 torr. The use of any lower 
pressure may result in reduced yield of C 

60 " 

However, as the pressure is raised, the ratio 
or C 70 :C 60 is also increased. 

30 ^ If thS P ressu " is increased to at least two 

atmospheres, the greatest percentage of C 70 product is 
formed. Theoretically, the pressure can be raised to any 
level just below the point where the reactor would 
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10 



15 



explode from the increased pressure. However, at the 
higher pressures, the yield of the overall product (C 60 
and C 70 ) is reduced even though the ratio of C 70 :C 60 is 
also increased. Therefore, as a practical consideration, 
the pressure of the quenching gas should not be greater 
than 10 atmospheres. The preferred pressure for 
maximizing the amount of C 70 produced is 2-3 atmospheres. 

The produced quenched vapor of carbon , i.e., 
the smoked particles coats the internal surface of the 
reactor and of collecting substrates as black soot. 
These collecting surfaces are inert to the vaporized 
carbon. They can be transparent and/or coated with an 
inert metal. Examples include glass, or gold coated 
glass surfaces and the like. These collecting surfaces 
are located in the reactor in the path of the carbon 
smoke. The black coating can be removed by any suitable 
means, e.g., by scraping the solids from the coated 
surfaces. The C 6Q and C 7Q molecules can be removed from 
this collected quenched product by contacting said 
quenched product with an extracting solvent. In other 
words, the black soot is placed in a container containing 
the extracting solvent, or the extracting solvent is 
poured onto the black soot placed in a container. In 
either case, the C 6Q and C ?() molcules become dissolved in 
the solvent, while the remainder of the black soot 
remains insoluble. The insoluble material is separated 
from the solution containing the c 60 and C ?0 molecules, 
e.g., by decanting, or by filtration, and the like. 

Suitable solvents include non-polar organic 
solvents, such as the alkanes containing 5-10 carbon 
atoms (e.g. pentanes, hexanes, heptanes, octanes), 
benzene and alkyl-benzenes (e.g. toluene, xylene), carbon 
disulfide, carbon tetrachloride, naphtha, 1,1,1- 

35 
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trichloroethane, and the like. Simple solubility 
determinations using classical laboratory methods will 
permit selection of other suitable solvents. The 
preferred solvents are carbon disulfide, benzene, carbon 
tetrachloride and toluene. Especially preferred are 
benzene, carbon tetrachloride and carbon disulfide. 

The product obtained contains a mixture of C cn 

and C 7Q . As described hereinabove, the amounts of cj 
10 a ^ C 70 ^sent is dependent upon the pressure used. If 

subatmospheric pressures are used, such as 50-400 torr 

the product is predominatly pure c win, a mi 

- „ * '-go Wltn a minor amount 

of C 7Q present. Thus, when the collected product is 
dispersed in the extracting solvent, the product obtained 
15 ^ a mixture of c 6n and C ?0 . For example, when the 

pressure is 100 torr, the product formed is about 98% C 
and about 2% C _ This product can be separated from the 
organic solvent solution by standard methods as by 
evaporation of the solvent or by dilution of the solvent 
solution with a non-solvent for C 6Q . The product can be 
crystallized by careful evaporation of the organic 
solvent or by sublimation" procedures . 

In a preferred embodiment of producing c 6Q and 
C ?0 , pure graphite rods are vaporized by passing high 
25 electrical current (either dc or ac) through narrowed 
tips of graphite rods. Electron beam, laser and RF 
heating can be used in lieu of electrical heating. This 
is done in a reactor (such as a bell jar) that has been 
evacuated, purged and filled with inert gas at or 
30 Preferably below atmospheric pressure, e.g., pressures 

ranging from about 50 to about 400 torr. and even higher. 
The graphite rods are typically 1/4 inch in diameter with 
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1 about l cm length of one rod reduced in „< . 

5 mm. The electrical heettn g vaporles the" * ^ 

«P «* the graphite rod producing hioh d CO " St " ct ed 
carbon, which quickly condenses into density vapor of 

5 of very fi„ e partio J s .c/ ^ order oVoT 

g ra P hitio carbon with an admixture of a few " °* 
the desired c 60 molecule. At this ^I Z ZT^ °* 
there is a heavy black coating on coll!',- Pr ° 0eSS 
and/or on the walls of th. „ t oollectrng substrates 
- ■ scraped off for^e ^"^T ""^ * 

15 product. Alternative^ -k "^crystalline 
tne sooty carbon^ ^^^"1'" ^ 
s~ e° btainea * — « - onTcotento^ 

« torr, the J^LT ~ 11*7" ~ * "° 

ciean y s ho :s\ n t y :i l ir s t speotroscopy - ;he 

"•ass of c.. and a cT ™" 72 ° amU the 

„ , 60 a clean P a ak at 840 amu (i e th. 

of C ?0 ). Significant differences in th 
0 only in the abundances ,n tK spactra occur 

— • «ost of these dif fe """ d °" ,ain l0Wer tha " 300 

the „,„ drfferences seem to originate from 

the different ionization teohnigues in the mass 
spectrometer and from the different kinds of sample 
desorption. so far, the cleanest mass spectra have been 
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obtained when the material was evaporated and ionized in 
the vapor phase by electrons, m such spectra the mass 
range above 40 amu is dominated by the c so mass along 
with xts expected isotope lines. The only other large 
mass found in any abundance corresponds to c 7tJ , with a 
ratio of n 4 — r* _^_n 



ratio of c 70 to Ceo of about .02. 

Studies by optical microscopy of the r 

iQ solution show a variety of what appear to be crystals - 
mainly rods, platelets, and star-like fl akes . Figure 1 
shows a micro-photograph of such a crystal assemblage. 
All crystals tend to exhibit six-fold symmetry. m 
transmitted light they appear red to brown in color; in 

i5 reflected light the larger crystals have a metallic 
appearance, whereas the platelets show interference 
colors consistent with an index of refraction of about 2. 

The platelets can be rather thin and thus are ideally 
2Q suited for electron diffraction studies in an electron 
microscope. (See the insert in Figure 2). 

in order to determine if the c molecules form 
a regular lattice electron, x-ray diffraction studies on 
the individual crystals and on the powder were carried 
25 out. A typical X-ray diffraction pattern of the purified 
C powder is shown in Figure 2. To aid in comparing the 
electron diffraction results with the X-ray results the 
electron diffraction pattern is. inserted into the corner 
of Figure 2. From the hexagonal array of diffraction 
3Q spots indexed as shown in the Figure, a d-spacing of 8.7 
WaS deduced corresponding to the (100) reciprocal 
lattice vector of a hexagonal lattice. The most obvious 
correspondence between the two types of diffraction is 
between the 5.01 A peak of the X-ray pattern and the 
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(100) spot of the electron diffraction pattern, which 
gives a spacing of about 5.0 A. Assuming that the C fin 
molecules are behaving approximately as spheres stacked 
in a hexagonal close packed lattice with a c/a ratio of 
1.633, d-spacings can be calculated'. The results are 
shown in Table I. 



Table I: 



10 



15 



20 



25 



30 



X-Ray Diffraction Results and 
Assignments For a Hexagonal Lattice Using 
a ~ 10.02 A, c = 16.36 A 

i = 4 (h 2 -f Mr - vly + 2 



d 



( 



Measured 
20 

( degrees 



Measured 
d-spacing 
ill 




) c 2 

Calculated 
d-spacing 

h 



Assignment 
(hkl) 



10.2 shoulder 
10.81 

17.69 

20.73 

21.63 

28.1 

30.8 

32.7 



8.7 
8.18 

5.01 
4.28 
4.11 
3.18 
2.90 
2.74 



8.68 
8.18 
7.67 
5.01 
4.27 
4.09 
3.17 
2.89 
2.73 



(100) 
(002) 
(101) 
(110) 
(112) 
(004) 
(114) 
(300) 
(006) 



The values derived from 
a = 20.02 A and c = 16 * XntGr ^^ion are 

distance is thus 10 0 1 * M±Bhb ° r 
«- -nsity is^tfd t IT^ ^ 
consistent with a value of i. 65 I) olT " 
suspending crystal s * m r,-, determined by 

crystal samples m aqueous GaCl 3 solutions of 
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1 known densities. Although the agreement shown in Table 1 
is good, the absence of the characteristically strong 
(101) diffraction in hep and the broad continuum in 
certain regions suggest a less than perfect crystalline 

5 order. Furthermore, X-ray diffraction patterns obtained 
on carefully grown crystals up to 500 micrometers in size 
with well developed faces yielded no clear spot pattern 
(in contrast to the electron diffraction pattern on 
micron-size crystals). it thus appears that these larger 
• crystals do not exhibit long range periodic order in all 
directions. 

A likely explanation for the unusual 
diffraction lies in the disordered stacking arrangement 
of the molecules in planes normal to the c-axis it is 
well known that the position taken by spheres in the 
third layer of stacking determines which of the 
close-packed structures occurs, the stacking arrangement 
in fee being ABCABC while that in hop is ABABAB. if the 
stacking sequence varies, the X-ray lines due to certain 
Planes will be broadened by the disorder while other 
lrnes will remain sharp, such disordered crystalline 
behavior was observed long ago in the close packed 
structure of cobalt, where X-ray diffraction lines such 
as (101), (102) and (202) were found to be substantially 

- broadened due to the stacking disorder. Reflections from 
Planes such as (002) remain sharp since these planes have 
identical spacings in both fee and hep structures, a 
general expression for which peaks are broadened by this 
kind of disorder have been given in terms of Miller 

- indices (h,k,l) as h - k = 3t ± 1, l ^ o, where t is an 
integer. None of these broadened reflections are 
apparent in the X-ray pattern of Figure 2. This may 
explain the weakness of the characteristically strong 
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(101) peak. Whether or not this stacking disorder is 
related to the presence of the possibly elongated C 7Q 
molecules is yet to be determined. 

In small crystals at least, the c g0 molecules 
appear to be assembling themselves into a somewhat 
ordered array as though they are effectively spherical, 
which is entirely consistent with the soccer ball 
hypothesis for their structure. The additional diameter 
over the calculated 7.1 K value for the carbon cage 
itself must represent the effective van der Waals 

rSPUlSi0n ° f thS «* clouds 

tunnel! ° ^ ° arb ° n «*-• *<-ning 

tunneling spectroscopy of the c.„ molecules cleanly 
shows the spherical nature of the c„ molecules 

Some scanning tunnelling microscope images cf - 

descr 0 i n be Tf e Pr T red ^ a °° 0rdanCe Wi "> ^ ~" 
described hereinabove at pressures of helium at 100 torr 

show a spherical molecule of twice the diameter of the 
C„ molecules. This is evidence of the existence of a 
20 caged molecule containing 240 carbon atoms or a c 

molecule. L=s « 0 

sublimit SamPleS W6re Prepared spectroscopy by 

*5 heliu, i„ the sliLL^tn chT^ °" ^ ° f 
coatings can rano.T cha "b«, the nature of the 

coatings o c ZollZ °~ ^ ™> <=° 

ParticL of s 6 olid c [ ' ^-"^ "—"crystalline 

3o to s^ e X te„t s r t h c ic::u h r: he pa - ioie ^ 

substrate. The infrar^ k 7" 60 COatlng on a silicon 

lines at 1429 l 183 5V 1 * T f ° Ur *° St ^tense 

1183, 577, and 528 cm" 1 , with no 
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underlying continuum remaining from the soot. In early 
tries at purifying C 6Q material, the infrared spectrum 
showed a strong band in the vicinity of 3.0 micrometers, 
which is characteristic of a CH stretching mode. After 
much effort, this contaminant was successfully removed by 
washing the soot with ether and using distilled benzene 
in the extraction. The spectrum in Figure 3 was obtained 
when the material cleaned in such a manner was sublimed 
under vacuum onto the substrate. The spectrum shows very 
little indication of CH impurities. 

The presence of only four strong bands is what 
is expected for the free, truncated icosahedral molecule 
with its unusually high symmetry. Also present are a 
number of other weak infrared lines which may be due to 
15 other causes, among which may be absorption by the c 

molecule or symmetry breaking produced, for example, ? by 
isotopes other than C 12 in the c g() molecule or by mutual 
interaction of the C 6Q molecules in the solid. 
Noteworthy, are weaker features at about 2330 and 2190 
20 cm" which are located in the near vicinity of the free 
C0 2 and CO stretching modes. This may imply some 
attachment of C0 2 or CO to a small fraction of the total 
number of C 6Q molecules. Another noteworthy effect can 
be observed in the feature at 675 cm" 1 , which is weak in 
the thin film samples but almost as strong as the four 
main features in the crystals. This vibrational mode may 
be of solid state rather than molecular origin. 

Figure 4 shows an absorption spectrum taken on 
a uniform film coated onto a quartz glass substrate. The 
ultraviolet features are no longer obscured by the 
graphitic carbon background as in our previous spectra. 
Broad peaks at 216, 264 and 339 nm dominate the spectra. 
Weaker structures show up in the visible, including a 
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Plateau with ends at about 460 and 500 nm and a very weak 
Peak near 625 nm. At the bottom of Figure 4 are snown 
Positrons and relative oscillator strengths taken from 
Larsson, et al. (chem. Phys. Lett. 137, 501-504) 
5 calculated for the C 6Q molecule. This reference also 

shows a variety of forbidden bands with the lowest energy 
ones in the vicinity of 500 nm. There seems to be a 
rough correspondence between the present measurements on 
thin films and the allowed transitions predicted for the 
10 molecule. There was no band at 386 nm in our fil ms of 
C 6Q/ a disclosed by Heath, et al. (j. chem. Phys 87 
4236-4238 (1987)) using a laser depletion spectroscopy 
method and attributed to the c 6£) molecule. Quite similar 
spectra to that in Figure 4 have been recorded for 
macrocrystalline coatings deposited at helium pressures 
or 100 torr, for example. The peaks occur at the 
slightly shifted positions of 219, 268, and 345 nm. 

The C 7D molecule is larger than the c eo 

20 o" ieCUle * ^ C "° m ° lecule -hows a molecular ion peak at 
840 amu. Furthermore, a noticeable peak in the 
ultraviolet spectrum of the.C 7tJ molecule taken on a 

TlllZTll T ted onto a quartz glass ^ I- 

exhibited at about 216 nm. This is a broad peak 

- IZl^tV^;-- ^ ^ -ecule P L k more 

60 

Thus, using the procedures described 
hereinabove, at guenching pressures Qf 

5 Z PreSSUrS "* — - Pressures of 

60 ana can^ams minor amounts of c Th P o 
can be used or can h<= * <-u 70 ' 60 Product 

or can be rurther purified. 

C M k FUrther PUriflcati °n and separation of c and 
C 70 can be made by many conventional technigues knol to 
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one skilled in the art, e.g., fractional crystallization, 
column chromatography, capillary electrophoresis, HPLC, 
preparative thin- layer chromatography, and the like. 

Because the molecular figuration of c and C ? 
are different, the attractive intermodular forces are 
different which allows for the two molecules to be 
readily separated. 



Furthermore, the solubility of c and C 



pure solvents and mixed solvents are also different from 
each other, which also makes the two compounds separable' 
by using conventional techniques known to one skilled in 
the art, such as crystallization, extraction, and the 
like. 

For example, pure C 6Q and pure C 70 molecules 
15 can be isolated as follows. The black sooty mixture of 
C 60 and c 70 which is Produced according to the procedure 
described hereinabove is placed in the extracting 
solvent, such as benzene. The insoluble residue is 
removed and the resulting benzene solution containing C 
20 and C^ Q molecules is concentrated. The c 6Q and C 6 ° 
solution is added to a packed column with an adsorbent, 
such as alumina. The column is eluted with an eluent 
such as benzene or a mixture of benzene and toluene. 
Various fractions of set volume e.g., 10 mL, are 
25 collected. The eluent i.e., the solvent is removed from 
each fraction such as by evaporation to dryness. The 
fractions with product will contain microcrystals , the 
identity of which can be confirmed by spectroscopy, e.g., 
mass spectroscopy. 

30 Thus ' the Process of the present invention can 

produce a product which is predominantly C 6Q , which, if 
desired, can be further purified by the purification and 
separation techniques described hereinabove. 
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two different contemplates 
two different variations of the procedure described 
hereinabove to make C ?0 molcules. First if 
subatmospheric pressures of quenching gases are used in 
5 the initial step, small amounts of c n are DrfldlI ' 
which can be separated from the C 11 i 1 Pr ° dUCed ' 
purification f» u • 60 molecules using the 

Produced from each vaporization of oLbon 

thereof havrthr""," 6 " Pr ° aU ° tS ' C *" C "' ° r mi ""res 
tnereof have the similar utilities as graohlf^ „ 

th are particular!, valuahle for ^ZT^J^Z^ 

: f stabiiity than th ° se *»- 

regara ' free-f lowing, particular r* 
20 of special value particularly for us! ,„ 6 ,° 70 

products, especiallv n. Producing molded 

direction c I eXtended in " least 

- ~atui^;;^r;:o:^:r c e Ta„T c producin9 a 

, rurr: moLcuies to - r of 

-5 atomic and molecular beams of carbon which is not now 
possible using graphite as the carbon source. Further 
the synthesis of compounds such as r.." and C, ft P can 
be accomplished by introducing hydrogeVand fluorine 
respectively, into a reactor containing c 60 vapor. 

0 Furthermore, the C 6Q product and the C ?0 product may be 
used as an industrial paint pigment or as a lubricant 
Moreover, since the C 60 and C 1Q molecule are hollow, they 
could be used for binding and/or storing molecules e.g 
toxic material. 
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EXAMPLE 1 



c 60~ containin 9 carbon dust was produced in a 
conventional bell- jar carbon evaporator which was first 
5 evacuated to 10" 4 torr by either an oil diffusion pump or 
a turbo pump, both equipped with liquid nitrogen traps, 
and then filled with an inert quenching gas. Helium and 
argon were used at pressures ranging up to 400 torr. 
Then graphite rods (as previously described herein) were 
10 evaporated using a current of about 100 amps (either AC 
or DC) . 

The smoke which formed in the vicinity of the 
evaporating carbon rods was collected on substrates which 
were placed within 5 cm to 10 cm of the evaporating 
15 carbon rods. 

The evaporator was opened after a cool down 
period of 10-30 min. and the carbon dust samples removed 
by scraping substrate surfaces and the internal surfaces 
of the bell-jar. After washing with ether, the collected 

20 dust samples were then extracted with benzene to produce 
a wine-red to brown solution. On evaporation of the 
solution, C 6Q was obtained as a microcrystalline residue. 

The crystals were sublimed by heating in vacuo 
or in a quenching inert gas to 400»C. and collected on a 

25 substrate. The sublimed product was brown to gray in 
color. 

In powder form, the present new carbon 
alio trope is brownish-red. 

30 



35 



WO 92/04279 



-17- 



PCT/US91/05983 



EXAMPLE 2 

The procedure of Example 1 is repeated except, 
in the original step, the graphite rods are evaporated at 
2 or more atmospheres of helium pressure in the chamber. 
The product obtained from this procedure contains a 

nzii r oenta9e of c -° than a ° es the 
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! EXAMPLE 3 

Pure C 60 and pure C 70 are obtained as follows: 
The C 60 and C 7Q mixtures prepared in either Examples 
1 or 2 are dissolved in benzene and added to an alumina 
5 column. Using benzene as the eluent, the fractions are 
collected and each elute fraction is evaporated to 
dryness. The presence of C eo or C 7Q in the fraction can 
be determined by taking mass spectroscopy thereof. 
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The above embodiments and examples are given to 
illustrate the scope and spirit of the instant invention. 
These embodiments and examples are within the 
contemplation of the present invention. Therefore the 
present invention should be limited' only by the appended 
claims. 
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10 



WHAT IS CLAIMED IS : 

1. A method of producing C 60 and C vo compounds 
which comprises evaporating graphite in an atmosphere of 
an inert quenching gas at effective pressures in an 
evacuated reactor, collecting the quenched carbon product 
produced therefrom and contacting the quenched carbon 
product with an extracting nor-polar organic solvent under 
effective conditions to separate the C eo and C vo compounds 
therefrom. 

2. The method according to Claim 1 wherein the 
quenched carbon is collected on a collecting substrate. 

3. The method according to Claim 1 or 2 

wherein the C 60 and C vo compounds are recovered from the 

n _ organic solvent. 
lp 

4. The method according to Claim 3 wherein the 
separating step comprises evaporating the solvent. 

5. The method according to Claim 1 wherein the 
solvent is benzene or carbon tetrachloride. 

6. The method according to any of Claims 1 to 

5 wherein the evaporation of graphite is effected by 
passing high electrical current through graphite rods. 

7. The method according to any of Claims 1 to 

6 wherein the inert gas is helium or argon. 

25 8 * The method according to any of Claims 1 to 

7 wherein the graphite is evaporated at pressures ranging 
from about 50 torr to about 400 torr. 

9. The method according to any of Claims 1 to 
7 wherein the pressure ranges from about 2 to about 3 
atmospheres . 

10. The method according to any of Claims 1 to 
9 further comprising separating the C 60 compound from the 
C 7C compound. 

11. Amorphous or crystalline particulate matter 
comprised of C 6D or C 7Q . 

3D 
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^ 12. A carbon product comprising a mixture of 

Ceo and C^o. 

13* A carbon product , the mass spectrum of 

which shows a strong peak at mass 720 amu, the infrared 
p. bonds of which have four intense lines at 1424 , 1183, 577, 

and 528 cm" 1 , absorption peaks in the UV at 264 and 339 

nm, soluble in non-polar organic solvents and sublimes at 

a temperature of from about 300° to 400 °C. 

14. A carbon product produced by the process of 
1Q any of Claims 1 to 10. 

15. A formed or molded product comprising C eo 

or C 7D . 

16. The product according to Claim 14 which is 
extended in at least one direction. 

25 17. A free flowing particulate comprised of C eo 

or C 7Q . 

18. Substantially pure C eo or C 70 * 

19. A brownish-red carbon allotrope. 

20. A carbon product, the mass spectrum of 
2q which shows a molecular ion at 840 amu, a broad peak in 

the ultraviolet at 216 nm, and soluble in non-polar 
organic solvents. 

21. C 60 or C 7D . 

22. The vapor of C eo or C 7Q . 

25 23. A method of extracting C eo and C 7G from a 

carbon source containing same which comprises contacting 

the carbon source with a non-polar organic solvent. 

24. A method according to Claim 22 wherein the 

C so and C 7C are recovered from the organic solvent. 
g 0 25. A method according to Claim 22 or 23 

wherein the solvent is benzene, carbon tetrachloride or 

carbon disulfide. 

26. A method according to Claim 24 wherein a 

carbon source containing C eo and C 70 is contacted with 
25 benzene and recovering C co and C vo from the benzene 

solution thus formed. 
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